Three cases with a slow irregular ventricular response to atrialfibrillation, who benefitedfrom cardiac pacing, are described; two had ischaemic heart disease, and one had cardiomyopathy. In thefirst case the slow ventricular response to atrialfibrillation was a result of incomplete atrioventricular nodal block, and in the other two His bundle electrograms demonstrated that the slow ventricular response was due to bilateral bundle-branch block. The association of atrial fibrillation and conduction delays in the atrioventricular node and bundlebranches is discussed. The value of His bundle recordings in the investigation of these cases is shown and the importance of cardiac pacing in treatment is stressed.
Cardiac pacing is now a generally accepted method of treatment in patients with complete heart block or bilateral bundle-branch block who have AdamStokes attacks or a low output syndrome leading to angina or cardiac failure. However, cardiac pacing is now also becoming more widely used in the treatment of patients with sinoatrial node disease ('sick sinus syndrome') who have disabling symptoms non-responsive to atropine or the sympathomimetic drugs (Bayley, hypotension. Intravenous atropine given before transfer had resulted in a paroxysm of ventricular tachycardia.
On admission there was no evidence of cardiac failure and the blood pressure was I05/50 mmHg. An electrocardiogram showed atrial fibrillation with an irregular ventricular response of 40 to 44 beats a minute and acute inferolateral myocardial infarction (Fig. i) .
Over the subsequent three days the ventricular rate fell to 30 beats a minute and he developed cardiac failure, hypotension, and oliguria. A slow infusion of isoprenaline resulted in ventricular fibrillation which reverted to atrial fibrillation with a single DC shock. Transvenous demand cardiac pacing was started and over the next 5 days he gradually improved.
The pacemaker was removed on the ioth day at which time he was in atrial fibrillation with a ventricular rate of go beats a minute (Fig. 2) , and there was no evidence of cardiac failure. On discharge 5 weeks after admission and when seen 3 months later, he was well but in atrial fibrillation with a ventricular rate of 8o to go beats/minute.
Case 2
A 7i-year-old man was admitted with a one-year history of exertional chest pain and occasional syncope. In the week before admission syncope had occurred daily and he had become breathless on effort.
Examination revealed mild cardiac failure, left ventricular hypertrophy, a blood pressure of I50/80 mmHg, and a slow irregular pulse. An electrocardiogram showed atrial fibrillation with an irregular ventricular response of 50 beats a minute, complete right bundle-branch block, a mean frontal QRS axis to the left with an initial vector directed inferiorly suggesting left anterior hemiblock (Fig. 3) . A chest x-ray showed a cardiothoracic ratio of 6o per cent and promi- (Narula and Samet, 1970) .
A Devices permanent demand pacemaker was inserted, and in the 6 months after this there has been no clinical evidence of heart failure. In the first case the bradycardia followed an acute inferior transmural myocardial infarction. The artery to the sinoatrial node arises from the proximal part of the right coronary artery in 55 to 65 per cent of the population (James, I96I; Kennel and Titus, I972a). It, therefore, seems likely that the mechanism of production of the atrial fibrillation was proximal right coronary artery occlusion resulting in sinoatrial node ischaemia or infarction. However, it has also been suggested that atrial fibrillation in myocardial infarction may be due to raised left atrial pressure secondary to left ventricular failure (Lown, Kosowsky, and Klein, I969) . It seems unlikely that this was the cause in this patient as the atrial fibrillation preceded the onset of left ventricular failure. It has also been shown that the right coronary artery supplies the artery to the atrioventricular node in 83 to go per cent of the population (James, I96I; Kennel and Titus, I972b) . Thus right coronary occlusion could result in atrioventricular nodal ischaemia leading to incomplete atrioventricular nodal block and thus a slow irregular ventricular response to atrial fibrillation.
In the second patient ischaemic heart disease was also the probable basic aetiology of the arrhythmia. The atrial fibrillation in this case could, therefore, be a manifestation of sinoatrial node disease though this is difficult to prove in established atrial fibrillation by electrophysiological studies such as atrial pacing (Mandel et al., 197I; Narula, Samet, and Javier, I972) . The cause of the slow irregular ventricular response to the atrial fibrillation, however, was clearly demonstrated as bilateral bundle-branch block. Thus the arrhythmia in this case was due to a combination of atrial disease and bilateral bundlebranch block.
The underlying cause of the arrhythmia in the third patient has not been established. The brief history of chest tightness on effort may indicate that coronary artery disease was the underlying cause though anginal-type pain can occur in patients with slow heart rates without ischaemic heart disease (Harris et al., I969) .
Cardiomyopathy, therefore, seems a more likely explanation of the cardiac failure and arrhythmia in the absence of any clear evidence of ischaemic,
group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from II6o Reid, Jachuck, and Henderson rheumatic, or hypertensive heart disease. The initial electrocardiograms demonstrated the presence of sinoatrial block suggesting that the atrial fibrillation was the result of sinus node disease. The His electrogram showed prolongation of the HV time in the conducted beats and though this has been described in patients with left bundle-branch block (Berkowitz et al., I97I; Haft et al., 197I) , the presence of Mobitz type II second-degree block and 2: I post H block confirmed the presence of a conduction defect in the right bundle-branch. Thus the bradycardia in this patient, as in the second patient, was due to the combination of sinoatrial node disease and bilateral bundle-branch block, the bilateral bundle-branch block in both these patients being concealed in the standard electrocardiogram by the presence of atrial fibrillation.
The combination of sinoatrial node disease and disease in the atrioventricular node and bundlebranches has been recorded previously. That it may be more common than is realized was shown by Rosen and his colleagues (1971) who demonstrated, by His bundle electrograms, conduction defects in 8 of I5 patients with symptomatic sinus node disease. They concluded, however, that in their experience conduction defects in patients with sinoatrial node disease did not appear to be serious. More recently, Rubenstein et al. (I972) showed that 33 of their 56 patients with sick sinus syndrome had evidence of a conduction disturbance in the atrioventricular node or in the bundle-branches though none of their patients had second or third-degree block. Our three patients show that sinus node disease may be associated with serious conduction disturbances in the atrioventricular node or bundle-branches, and that His bundle electrograms may be necessary to demonstrate the severity of the conduction disturbance in the presence of slow atrial fibrillation. The importance of demonstrating this association is shown by the fact that these patients did not improve when treated with digoxin, isoprenaline, and atropine, but responded dramatically to ventricular pacing. Thus patients who have a slow ventricular response to atrial fibrillation and who have dizziness, syncope, cardiac failure, or angina may not respond to drug therapy but improve if permanent ventricular pacing is instituted.
